Revegetation can alter catchment water balance and result in soil desiccation. Large-scale revegetation took place in the Loess Plateau of China to control soil erosion and improve environmental conditions. However, the dynamic nature of soil moisture in response to revegetation under different climatic conditions is still unclear mainly due to lack of long-term in situ observations.
The focus of this research was the Loess Plateau, which is the largest highly erodible area on earth (Peng ) , where the pilot phases of the GGP were implemented. This function has been threatened by afforestation due to increased evapotranspiration (Chen et al. b) . Based on in situ measurements, studies showed clearly that afforestation can lead to soil desiccation (Li et The objective of this study was twofold: (1) to evaluate the effects of revegetation on soil moisture on the Loess Plateau; (2) to investigate whether revegetation in given precipitation conditions could result in long-term soil moisture reduction. .
MATERIAL AND METHODS

Study area
The peak rainfall occurred in the period of June to September, and a dry season is characterized during spring and early summer, the growing season usually ranges from April to October.
The parent material of the soil is loess with a depth of 50-200 m depending on topography. The loess in this region has a porosity of about 50%, the gravimetric field capacity and wilting percentage of soil water are 20-24%, and 3-6%, respectively (Yang & Shao ) . Average soil water content in the topsoil (0-100 cm) ranges from 7% to 13% and details of the study catchment can be found in
The catchment experienced major land use change.
Before 1999, cropland accounted for 29.6% of the total catchment area. After implementation of the GGP, the cropland on steep slopes were gradually abandoned and converted to trees, shrubs, and grass with only 0.11% of the cropland remaining (Liu et al. ) .
Field measurements and data collection
Four typical land cover types with similar slope positions (upper position), aspects (west), and slope degrees (25 W ) were considered. Soil samples were collected for particle size and bulk density measurements. The plant cover and height were also measured. The planted tree was R. pseudoacacia, the shrub was S. pubescens, the grass site was dominated by beard Andropogon, and the main crop was corn (Zea mays). WAVES requires three data sets as inputs: meteorological data, soil parameters, and vegetation parameters.
Meteorological data
The meteorological data needed to run the WAVES model included daily maximum and minimum temperature, daily average vapor pressure deficit, daily rainfall, daily rainfall duration, and daily solar radiation. Daily rainfall, maximum and minimum temperature was observed in the field experiment.
The daily vapor pressure deficit was calculated from the observed daily relative humidity by using the following equation provided by FAO in report No. 56 (Richard et al. ) :
where e 0 is the saturated vapor pressure (kpa) and T is the daily average temperature ( W C). The vapor pressure deficit is calculated by multiplying the saturated vapor pressure by (1 minus the relative humidity). The daily solar radiation was estimated according to daily temperature measurements following Thornton & Running ().
Soil and vegetation parameters
Soil water movement is simulated with the Richards Ks is the saturated hydraulic conductivity; θs and θr are the saturated and air-dry volumetric water contents, respectively; λ c is a capillary length scale related to sorptivity;
and C is a shape parameter for the soil moisture characteristic.
observed values. Significance was based on a 95% confidence level. ME was evaluated using the following equation:
where sim(i) and obs(i) are simulated and observed soil moisture (cm 3 /cm 3 ) at the ith point, respectively, and n is the number of observations.
Relative error was calculated as:
where RE is the relative error, and sim(i) and obs(i) are simulated and observed soil moisture (cm 3 /cm 3 ). The smaller the RE, the better the result. 
RESULTS
Calibration of the WAVES model
The WAVES model was calibrated against daily soil moist- During the growing season (from June to September), under the tree planting scenario, no runoff occurred, evapotranspiration and interception accounted for 88.8% and 19.8% of precipitation, respectively, i.e. the sum of evapotranspiration and interception was greater than precipitation, therefore soil water deficit appeared. However, under the shrub, grass, and crop scenarios, interception accounted for 17%, 14%, and 13% of precipitation, respectively, and evapotranspiration accounted for 68%, 69%, and 68% of precipitation, respectively. Runoff accounted for 2.5%, 1.4%, and 1.0% of precipitation, respectively, and no soil water deficit occurred.
Besides, seasonal changes in interception and evapotranspiration in the four vegetation covers are apparent , however, the soil water deficit amount was far less than the forest scenario. Besides, the slope of the linear fit of forest was larger than that of grass and shrub, indicating that soil water deficit was more serious under the forest scenario.
We further evaluated relationships of MAP and the soil water deficit for trees from 1980 to 2010 (Figure 7) . Results suggest that in areas with MAP less than 400 mm, tree planting could result in serious soil water deficit and soil desiccation. While in areas with the MAP exceeding 600 mm, no soil water deficit could occur. Availability of soil water seems to be sufficient to sustain tree growth, and soil water surplus was a general phenomenon. Within this MAP range (400 < MAP < 600 mm), tree planting could lead to soil water deficit during dry years.
DISCUSSION Implication for upscaling
Comparing with other models for investigating the processes of soil water dynamics, the WAVES model strikes a good The characteristics of water loss from the soil profile were also detected in previous studies at Changwu (annual precipitation of 584 mm) and Wuqi County (annual precipitation of 451 mm) of the Loess Plateau (Li ).
Furthermore, Chen et al. (a) showed that the soil moisture deficit could become serious in dry and normal years.
Our study demonstrated that it is necessary to maintain infiltration or reduce evapotranspiration by, for example, selecting appropriate vegetation types in order to avoid soil water deficit.
Implication for 'Grain for Green' program
Our analysis showed that revegetation could alter water budgets in water-limited areas, thus causing soil water deficit. 
CONCLUSIONS
We investigated the effects of vegetation characteristics on soil moisture reduction under different precipitation conditions on the Loess Plateau in North Western China. In order to quantify their long-term effects on soil water dynamics, the WAVES model was applied for the 1980-2010 period, and three revegetation scenarios were considered. The following conclusions can be drawn from this study.
The simulated soil moisture at the daily scale showed good agreement with observed values with relative error of only 1%, indicating that the WAVES model generally exhibits a good performance.
As simulated interception ratios of shrub, grass, crop, and trees are about 14.2%, 15.9%, 12.7%, and 16.2%, respectively, clearly rainfall interception is a significant component of the water budget. Quantifying the magnitude of rainfall interception is essential if we are to understand future impact of afforestation on the water budget.
Trees consume more water (100% of precipitation) than grass (97.6%) and shrubs (98.3%), and therefore no runoff is generated, and thus more likely to result in soil desiccation.
Areas with MAP less than 400 mm afforestation could result in serious soil water deficit; in areas with the MAP exceeding 600 mm, no soil water deficit would occur;
within this MAP range (400 < MAP < 600 mm), tree planting could lead to soil water deficit during dry years. About 40% of the Loess Plateau has MAP of less than 400 mm where plantation development will face reduced soil moisture. About 10% of Loess Plateau with MAP more than 600 mm showed soil water surplus and soil water seems sufficient to sustain tree growth. The other 50% of Loess Plateau (400 < MAP < 600 mm) will face reduced soil moisture in dry years under the tree planting scenario.
